Abstract Immune-mediated paraneoplastic neurologic disorders (PND) may affect any part of the nervous system, and can mimic many noncancer associated disorders. The availability of diagnostic tests based on the presence of specific anti-neuronal antibodies facilitates diagnosis and can suggest treatment strategies. Once thought to be poorly responsive to therapies, it is now recognized that there is a subgroup of PND, mostly associated with antibodies to antigens on the neuronal cell surface that are highly treatment responsive. For all PND, identification and treatment of the underlying tumor is the most effective step in the potential control or stabilization of the neurological disorder.
Introduction
The term, paraneoplastic neurologic disorder (PND) may refer to almost any nonmetastatic complication of cancer but is more often limited to those cancer-related neurologic disorders that are known or suspected to be immune mediated. For these immune-mediated PND, it is generally accepted that the expression of neuronal proteins by the systemic tumor provokes an antineuronal immune response that results in the signs and symptoms of PND [1, 2] . This hypothesis stems from the detection of serum and cerebrospinal fluid (CSF) antibodies reacting with nervous system antigens. A direct pathogenic role has been demonstrated or is strongly supported for some antibodies while other antibodies occur in association with cytotoxic T-cell responses that are likely the main effectors of the neuronal degeneration [3] [4] [5] [6] . It is common for PND to develop before the patient has a known cancer diagnosis [7] . Patients present to their doctors who are faced with an extensive differential diagnosis that includes the more common complications such as those related to metastatic involvement of the nervous system, toxic side effects of therapy, and infectious or metabolic causes. Recognition that a syndrome may be paraneoplastic can facilitate diagnosis and institution of therapy.
Diagnosis
There are some neurologic syndromes, sometimes called classic PND, that so commonly associate with cancer that their presentation in a patient should trigger an immediate suspicion of a PND (Table 1) . For example, a patient with the diagnosis of the Lambert-Eaton myasthenic syndrome (LEMS) should be investigated for an underlying small-cell lung cancer (SCLC) as more than half of LEMS cases are paraneoplastic. Similarly, the acute onset of cerebellar degeneration in an adult is most often paraneoplastic while infectious in children. The development of opsoclonus-myoclonus-ataxia in a child should lead to an immediate search for an underlying neuroblastoma and in an adult a search for a solid tumor, usually a SCLC. In contrast, are those syndromes that may associate with cancer but more commonly occur without cancer (Table 1) . When faced with one of these syndromes, the level of suspicion for an associated cancer is dependent upon the syndrome, the medical history, and additional clinical and laboratory evidence. For example, although only 15 % of cases of myasthenia gravis are related to a neoplasm, the specificity for thymoma is so high that all newly diagnosed patients should undergo screening for this tumor. However, while the Guillain-Barré syndrome may be a paraneoplastic manifestation of Hodgkin lym-1 3 phoma and possibly systemic cancer it is much more commonly not cancer related and an evaluation for a cancer is only required if there are other supporting findings [8] .
Paraneoplastic antibodies
The diagnosis of PND is confirmed by the presence of one of the well-characterized paraneoplastic antineuronal antibodies currently including anti-Hu, Yo, CV2, Ri, Ma2, Tr, and amphiphysin (Table 1) [9] . When testing for the presence of antibodies, it is important to keep in mind that some paraneoplastic antibodies are detectable at low titers in the serum of some patients with cancer without PND [10] . It follows that since most commercial antibody testing is done in panels that include a variety of antibodies, occasionally a nonrelevant low-titer antibody is found. In these cases, the detection of the antibodies may mislead the clinical investigation. It is helpful therefore to keep in mind that if the detected antibody is at a low titer or not usually associated with the neurologic syndrome one should consider other causes for the neurologic dysfunction. Furthermore, if the cancer found is not that which is typically found in association with the antibody (e.g., lung and not breast or ovarian cancer in a patient with Yo antibodies) the presence of a second neoplasm of the more commonly associated type should be suspected. When PND affect the CNS including the dorsal root ganglia, antibody titers will be higher in the CSF than serum due to the intrathecal synthesis of antibodies. In some of these cases serum may be negative for antibodies and therefore, when evaluating a patient for one of these syndromes, CSF analysis is mandatory.
In addition to those well-characterized antibodies that invariably associate with cancer, there is a group of antibodies that associate with specific neurologic syndromes both in the presence and absence of cancer (Table 1) [9] . These antibodies are markers of the syndrome but not of PND. The need for an oncologic evaluation when one of these antibodies is found is based on the syndrome and antibody and can in some cases be focused to particular cancer types. For example, anti-NMDA receptor antibodies are commonly associated with benign or malignant ovarian teratomas and all women with this disorder should be carefully evaluated [11] . Finally, the absence of antibodies does not rule out a paraneoplastic cause and it is generally recommended that all patients with a classic syndrome should be screened for cancer with the screening focused on those cancers most commonly associated with the neurologic syndrome [12] .
Ancillary tests may support the diagnosis of a PND especially when antibody studies are pending or negative. Those PND that affect the CNS, dorsal-root ganglia or proximal nerve roots often associate with CSF lymphocytic pleocytosis, elevated IgG index, or oligoclonal bands [13] . These findings are not however specific to PND and occur in other inflammatory or immune-mediated disorders of the CNS. Normal CSF studies do not rule out PND and are often found in later stages of PND when the inflammatory process has resolved although the patient remains symptomatic. Neuroimaging is important to rule out other causes of neurologic dysfunction such as nerve compression by metastatic lesions or the presence of leptomeningeal enhancement suggestive of leptomeningeal metastases. In many PND of the CNS, the function of the blood-brain barrier is preserved and therefore, the affected brain regions rarely enhance with contrast. In syndromes such as limbic encephalitis with predominant hippocampal involvement abnormalities may be demonstrated using T2 and fluid-attenuated inversion recovery (FLAIR) sequences. The radiologist should be made aware of the possible diagnosis so that special attention is given to interpretation of these sequences. Brain [F18] fluorodeoxyglucose-positron emission tomography (FDG-PET) in the early stages of some PND of the CNS may show hypermetabolism in some regions even when MRI is normal and may be indicative of early inflammatory process [14, 15] .
Associated cancer
PND usually develop at early stages of cancer and therefore, the tumor or its recurrence may be difficult to demonstrate. Although almost any neoplasm can cause PND, the tumors most commonly involved are SCLC, cancers of the breast, ovary, thymoma, neuroblastoma, and plasma cell tumors. Most of these tumors will be revealed with CT of the chest, abdomen and pelvis, mammogram, or pelvic ultrasound. Whole-body FDG-PET scans can detect tumors not seen by CT [16, 17] . Serum tumor markers can be helpful and all patients with a neuropathy of unclear etiology should be examined for the presence of a monoclonal gammopathy in the serum and urine. While the search for a neoplasm may initially be focused upon the cancers more commonly associated with the patients' neurologic syndrome or antibody, if negative, a more extensive evaluation should be done as rare associations do occur. In general, the cancers associated with PND if not present at diagnosis manifest within 2-4 years, depending on the cancer type.
Approach to the patient with PND Some PND are relentlessly progressive while others may be severe but treatable with full recovery expected. For all PND, the first approach should always be to identify and treat the tumor as this has been found in several series to be the most important factor associated with stabilization or improvement of the PND [18] [19] [20] . The likelihood that a PND will respond to therapy is determined by the immune response and the target antigen ( Table 1 ). The classic PND in which the antibodies target intracellular neuronal antigens, are often associated with extensive infiltrates of cytotoxic T cells that result in early and irreversible neuronal death. These PND tend to be refractory to therapy unless instituted very early in the process while there is active CNS inflammation [18] . In these cases, stabilization or mild improvement may be achieved in some patients with tumor treatment and immunotherapy. The most commonly used immunotherapies include intravenous immunoglobulins (IVIg), plasma exchange, corticosteroids, cyclophosphamide, and rituximab, often in various combinations. However, the simultaneous use of chemotherapy and some immunosuppressive therapies can result in increased toxicity. It has therefore been suggested that treatment of a patient with progressive PND symptoms who is also receiving chemotherapy include oral or intravenous corticosteroids, IVIg, or plasma exchange. For the patient with progressive PND not receiving chemotherapy, more aggressive immunosuppression can be considered such as oral or intravenous cyclophosphamide, rituximab, tacrolimus, or cyclosporine. In the absence of evidencebased treatment guidelines, a task force of the European Federation of Neurological Societies has published treatment recommendations for patients with classic PND [18] .
In contrast, those PND associated with antibodies to antigens expressed on the neuronal cell surface can be highly responsive to tumor treatment and immunotherapy. For these disorders the antibodies are known or strongly suspected to be the mediators of reversible neuronal dysfunction and thus, antibody-depleting strategies are effective. Some of these disorders such as anti-NMDA receptor encephalitis can have prolonged recovery times due to the persistence of CSF antibody titers long after serum titers have been depleted and physicians and families should be prepared for long stays in the intensive care unit prior to slow improvement.
Summary
The immune-mediated PND are a heterogeneous group of disorders that may affect any part of the central, peripheral, or autonomic nervous systems. The detection of specific antineuronal antibodies can facilitate the diagnosis and direct the search for an underlying tumor. In those PND in which antibodies are pathogenic, treatment is often effective and patients may return to baseline. For those PND in which T-cell mechanism are the effectors of the neurologic damage, responses to treatment are often minimal. In these disorders, prompt identification and treatment of the underlying tumor offers the best chance for stabilization or improvement.
